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Mediterranean marine Pliocene deposits rest on essentially evaporitic 

layers testifying the Messinian salinity crisis. They usually show a 

rhythmicity marked by more or less regular carbonate rich alternations. In 

some marly layers, we can see grey beds rich in organic matter that we call 

sapropels when their organic carbon content exceeds 2% (Kidd et al., 1978). 

Several interpretations have been proposed to explain both formation and 

repetition of these grey beds, requiring variations either in production or 

in preservation of organic matter (Rohling et Gieskes, 1989; Rohling et 

Hilgen, 1991; Tang et Stott, 1993; Rohling 1994). Whatever are invoked 

hypotheses, recent authors agree to admit that sedimentation of this 

organic matter is controlled by climatic variations linked to the Earth's 

orbit and, mainly, to precession cycles whose duration is approximately 

22,000 years (Rossignol-Strick, 1983, 1985; Hilgen, 1991 a), the role of 

glacio-eustatic variations being able however to be important (Bethoux, 

1993). This astronomical and climatic control concern obviously the whole 

cyclic sedimentation in which the grey beds are included (Hilgen, 1987). 

 

The south coast of Sicily shows particularly well exposed outcrops of 

these rocks (Brolsma, 1978). From the base to the top, two formations are 

here distinguished 

 

The Trubi Formation consists of approximately 95 m of white and greyish 

marls that, according to Cita (1975), would include the Tabianian and part 

of the Plaisancian, and would correspond to what Seguenza (1868) called 

Zanclean (Cita and Gartner, 1973). It shows sedimentary rhythms whose 

thickness is approximately one meter, each corresponding to a sequence of 

four facies, successively grey, white, beige and white (Hilgen, 1987). A 

sedimentological and paleontological study (De Visser et al., 1989) has 

been focused on four of these rhythms (cycles 31 to 33 and cycle 43 

according to Langereis and Hilgen (1991) numbering used in this article). 

Its conclusion is that grey layers were deposited during wet and relatively 

hot periods, while beige layers correspond to relatively drier and colder 

climatic conditions with wind dust contributions from North African 

countries, and that white layers correspond to intermediate conditions 

resulting from minimum continental contributions. 

 

The Narbone Formation is, as well, made of regular alternations of 

marls and marly limestones. Most of the beds are light-grey. Only in the 

first layers of the formation appear some beige layers in the same 

sequential situation as in the underlying formation (Van Os et al., 1994). 

Brown beds, sometimes very dark, are observable. Two cycles situated close 

to the basis of the formation (cycles 101 and 102), have been recently 

studied (Van Os et al., 1994) but without detail concerning their 
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mineralogical composition. The present note is particularly focused on this 

composition. 

 

 

 

OBSERVATIONS AND ANALYSIS. 

 

The studied section, sampled during September 1992, corresponds to the 

Punta Piccola outcrop (fig. 1) represented by Brolsma (1978, fig. 30 and 

31) and by Hilgen (1987, fig. 5 B and C), and shows essentially light-grey 

marly layers. More or less dark beds appearing at intervals of 

approximately 1.6 m, usually present a laminated facies, often bioturbated, 

similar to that described by Brolsma (1978) in the Trubi Formation. The 

remarkable dark layer forming the interval between 395 cm and 430 cm of the 

studied section (fig. 2), corresponds to the basis on the cycle 107 of 

Langereis and Hilgen (1991) and to the ferro-manganiferous layer G of 

Brolsma (1978). On this 615 cm long section, 123 samples have been taken on 

successive 5 cm thick slices from the top of cycle 104 to the base of cycle 

108. The total carbonate content has been determined by manocalcimetry. 

Proportions of calcite and dolomite in this total, as well as contents in 

non-carbonated components, have been measured by X-ray diffraction. The use 

of a SiC internal standard, of a high-speed rotating sample-holder 

(Mélières, 1973), as well as the systematic measurement duplication allows 

us to obtain a relative precision of about 2%. 

 

Contents in calcite show a periodic variation that corresponds to the 

colour of the marls, weakest values being found in darker beds (fig. 2). 

Light-coloured beds of cycles 105 and 106 have a weaker calcite proportion 

in their middle that on their edges. The same pattern has been observed by 

Van Os et al. (1994) in the cycle 102 where the decrease of calcite content 

corresponds to the beige-coloured parts. Optical microscope observations 

show that this calcite is from biogenic origin, essentially coccoliths (80 

to 90%) and foraminifers (10 to 20%). 

 

Clay minerals contents generally show cyclic variations corresponding 

to those of lithology and calcimetry (fig. 2). We can classify these 

minerals in two groups whose content values fluctuate in opposite trends. 

The first one includes, in order of decreasing variations range, 

palygorskite, kaolinite and illite; their maximum abundance correspond to 

the palest layers and their minimum to the darkest layers. The second one 

includes smectite and chlorite. Mixed-layer clay minerals, whose content do 

not show cyclic variations but only a slowly increasing abundance towards 

the top of the section, can not be related to any of the two groups. 

 

The non-calcitic fraction, that we may postulate essentially 

terrigenous in origin, consists of quartz, potassium feldspar and dolomite 

(fig. 3). Their abundance variations are positively correlated with those 

of the palygorskite group and therefore are related to this group. 

 

 

 

 

 

SOURCE OF MINERALS 
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Concerning the sources of contribution, the most characteristic mineral 

is palygorskite. In the Mediterranean realm, it has been quoted for the 

first time, under the name of attapulgite, in marine Quaternary sediments 

south of Greece (Chamley and Millot, 1970, 1975). It has been found in many 

places in Pliocene or Quaternary marine sediments either immersed 

(Tyrrhenian Sea, Libya off shore, East Mediterranean, Chamley, 1971; 

Zemmels and Cook, 1973; Mélières et al., 1978; Siculo-Tunisian strait, 

Blanc-Vernet et al., 1975; Burollet et al., 1979), or emerged (Sicily, 

Chamley, 1976). In the Mediterranean realm, only the African continent 

seems able to provide through erosion processes notable quantities of this 

mineral that is found in relative abundance in African Paleogene deposits 

outcropping in Senegal, the Ivory Coast, Dahomey, Sudan, and Morocco 

(Millot, 1964), as well as in areas of Algeria and Tunisia located in the 

southern Saharan Atlas  (Chamley, 1971; Sassi, 1974; Coudé-Gaussen, 1991). 

One can therefore think that the palygorskite detected in Mediterranean 

Plio-Quaternary marine deposits has an African origin, this hypothesis 

being confirmed by his seawards decreasing abundance in marine sediments 

from South to North, or from SW to NE, along the African coast (Blanc-

Vernet et al., 1975; Burollet et al., 1979). 

 

Sea transportation of palygorskite sediments from Africa to Sicily does 

not seem possible because of the hydrodynamic barrier constituted by the 

strong surface current that flows through the Siculo-Tunisian strait from 

NW to SE carrying suspensions in this direction. But it has been shown 

that, in Western Mediterranean, the wind takes an important part in 

transportation of particles, being sometimes the only responsible of 

concentrations observed in different minerals. In the South Tunisian, south 

of Gabes, thick peridesertic loess-like formations containing palygorskite, 

rest on Matmata limestone plateau. Their eolian origin from Saharan zones 

is proved (Coudé-Gaussen and Rognon, 1988; Coudé-Gaussen, 1990, 1991). The 

occurrence of palygorskite in Corsican recent lake deposits cannot be 

explained but by a wind contribution from the African continent (Robert et 

al., 1984). The reality of these wind transportation from South to North in 

the Mediterranean is confirmed by many direct observations (Bergametti et 

al., 1989; Coudé-Gaussen 1991). 

 

Palygorskite is not the only mineral extracted by the wind from the 

African continent and carried to the Mediterranean. It usually comes along 

with kaolinite, illite, dolomite and quartz (Robert et al., 1984; Coudé-

Gaussen, 1988, 1991). One can therefore consider that the fluxes of these 

five minerals have to vary in near identical proportions. This explains the 

good correlation evidenced within the minerals of this group. 

 

Smectite exists in most of outcropping overthrusted Sicilian flysch 

formations, as well as in tectonically autochtonous formations (Chamley 

1976). A terrigenous origin of this mineral from these close sources is 

therefore possible, an important part of the Sicilian territory being then 

emerged (Mascle, 1974). Chlorite, whose abundance variations are analogous 

to those of smectite, may also have a Sicilian origin although, as illite 

and mixed-layer clay minerals, it has a more common distribution (Chamley, 

1976). Supply mechanism of these terrigenous components may therefore be 

fluvial erosion cutting the emerging Sicilian Island or erosion of more or 

less remote areas of the same alpine domain. 
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CONCLUSIONS. 

 

The above-mentioned observations show sedimentary periodicities 

resulting from abundance opposition of two groups of minerals. We think 

that they can be interpreted as the alternation of periods respectively of 

weak and strong rainfalls on both north and south Mediterranean sides. 

 

1. Periods of minimum rainfalls. 

On the south side of the Mediterranean, a weakening of rainfalls has to 

induce a strong aridity on the Sahara resulting in a reduced and scattered 

vegetation in perisaharan areas. Consequently, soils are far more 

vulnerable to wind erosion leading to an increased wind transportation of 

minerals (palygorskite, kaolinite, illite, quartz, potassium feldspar, 

dolomite) from these areas to the Mediterranean. On the north side of the 

Mediterranean, a decrease of rainfalls has to mark less clearly in the 

vegetation as on the South because it is excluded that aridity conditions 

were able to prevail there. It results therefore not only in a decrease in 

the river discharges but also in the sediment load because fluvial erosion 

loses its efficiency. Consequently, the detrital material supply of rivers 

to the sea decreases, resulting in an increase in the concentration of the 

wind transported material. Deposits corresponding to these periods are 

light-coloured moderately carbonated marls, with the highest content in 

palygorskite, illite, kaolinite, quartz and dolomite. 

 

 

2. Periods of maximum rainfalls. 

On the south side of the Mediterranean, an increase in rainfalls, that 

has however to remain moderate, on the Sahara as well as on perisaharan 

areas, allows the vegetation to spread over these regions, protecting soils 

and reducing considerably, or even stopping, the eolian erosion. On the 

North of the Mediterranean, an increase in rainfalls does not modify 

notably the density of already abundant vegetation. Nevertheless, it 

results in a notable increase in runoff erosion, the sediment load 

increasing with discharge and providing more terrigenous supply to marine 

sedimentation. Deposits corresponding to these periods are laminated dark 

marls, low in carbonates and whose clay minerals are mainly smectite and 

chlorite. 

 

 

These conclusions agree with those proposed by De Visser et al. (1989) 

for the underlying Trubi formation. We can thus interprete the relative 

abundance variations of terrigenous components in Pliocene sediments of 

South Sicily, in the Trubi formation as well as in the Narbone formation, 

as controlled by alternation of humid periods and dry periods on both north 

and south sides of the West Mediterranean. 
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